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(54) TREATMENT SYSTEM AND CORROSION RESISTANT MEMBER USED THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a treatment system in 
which the problem of the corrosion of the inner wall of a 
treatment vessel is hard to occur and moreover to provide a 
corrosion resistant member excellent in plasma resistance and 
corrosion gas resistance and used for the treatment system. 
SOLUTION: In a treatment system having a chamber 1 1 housing 
a wafer W as the substrate to be treated, a bell jar 12 provided 
in the upper direction of the chamber 1 1 , a coil 65 as an 
antenna member for forming the induction electromagnetic field 
in the bell jar 1 2, a high frequency power source 66 applying 
high frequency electric power on the coil 65 and a gas feeding 
mechanism 40 feeding treatment gas, and in which plasma is 
formed by the induction electromagnetic field formed in the bell 
jar 12, and the wafer W is treated, as to the bell jar 12, the inner 
wall is composed of a film 14 containing a compound of the 
group 3a elements in the Periodic Table. 
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(57) ABSTRACT 

A processing apparatus of the present invention has a 
mounted chamber holding a semiconductor wafer and hav- 
ing members for work -processing the substrate under any of 
heating, plasma and process gas or a combination of them, 
in which a film of A1 2 0 3 and Y 2 0 3 is formed on an inner wall 
surface of the chamber and on those exposed surface of the 
members within the chamber and has a high-corrosion 
resistance and insulating property and, when the process gas 
is introduced onto a processing surface of a semiconductor 
wafer and diffused into it, any product is less liable to be 
deposited on a plasma generation area and on those mem- 
bers held within the chamber. 
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PROCESSING APPARATUS WITH A CHAMBER 

HAVING THEREIN A 
HIGH-CORROSION-RESISTANT SPRAYED FILM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 11-352018, filed Dec. 10, 1999, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] A present invention relates to a processing chamber 
having a mounted chamber having a high -corrosion -resis- 
tant film and applied to a film forming apparatus, heat 
processing apparatus and etching apparatus as used in a 
CVD (Chemical Vapor Deposition), etc. 

[0003] In response to a recent demand for a high density 
and high integration unit, a semiconductor device is pro- 
gressed from a two-dimensional connection structure toward 
a three-dimensional multi-connection structure. For this 
reason, the burying technique for electrical interlayer con- 
nection using a contact hole for connection between an 
underlying circuit element and an overlying connection 
layer and a via hole for connection between an underlying 
connection layer and an overlying connection layer, and so 
on, is becoming important. For the burying of the contact 
hole and via hole, use is made of Al (aluminum), W 
(tungsten) or an alloy including these as a main component. 

[0004] At the burying step using aluminum or aluminum 
alloy, a heating step and so on are involved during a 
manufacture. If the aluminum connection line and underly- 
ing silicon (Si) substrate are directly contacted with each 
other, there is a risk that there will occur a "Si-sucking-up" 
effect of aluminum, etc., at its boundary area and an alloy 
will be newly formed there. The alloy thus formed is greater 
in the value of a resistance and is not desirable from the 
standpoint of a power saving and high-speed operation 
demanded of a resultant device. Further, when tungsten or 
tungsten alloy is used as a burying layer in the contact hole, 
WF 6 gas intrudes into the silicon substrate, thus offering a 
possibility of deteriorating the electrical characteristic, etc., 
of the device. This is, therefore, not preferable. 

[0005] In order to prevent the occurrence of such a prob- 
lem, a barrier layer is formed on the bottom and inner wall 
of the hole before forming a buried layer in the contact hole 
or via hole and then such a buried layer is formed. Generally, 
a TiN film is known as a barrier layer. 

[0006] With a trend toward the high-density integration, 
on the other hand, a high dielectric constant material such as 
Ta 2 0 5 is used as a capacitor gate material to obtain a higher 
capacitance without changing its scale. However, such a 
higher dielectric constant material is not stabler in charac- 
teristic than Si0 2 conventionally used as the capacitor gate 
material. If a poly-Si is used on the overlying electrode, it is 
oxidized due to the chemical reaction after the formation of 
the capacitance, thus failing to manufacture a device element 
of stable characteristics. It is, therefore, necessary that a 
less-oxidized TiN film be used as an overlying electrode. 

[0007] The TiN film has been formed by using a physical 
vapor deposition (PVD) technique and a demand has been 



made for a finer and higher integration device in particular. 
In addition, the design rules are particularly stringent. 
Hence, in PVD that can hardly achieve high coverage. 
Therefore, a chemical vapor deposition (CVD) technique is 
used by which it is possible to form a TiN film of a better 
quality. Stated in more detail, a thermal CVD is used, in 
which TiCl 4 and NH 3 (ammonia) or MMH (monomethyl- 
hydrazine) is applied, as a reaction gas, to a heated substrate. 
In the case where the TiN film is formed by such a thermal 
CVD, chlorine is liable to be retained in a formed film, thus 
presenting a problem. The retaining of such chlorine results 
in a higher specific resistance and it is not possible to obtain 
a proper characteristic if the film is applied to an electrode 
overlying a capacitor. 

[0008] Further, the TiN film, being a columnar crystal, is 
liable to be boundary-diffused and involves a lower barrier 
characteristic. The lower barrier characteristic presents a 
problem in the case where the TiN film is used as a barrier 
layer for a Cu connection line or an oxygen diffusion barrier 
for Ta20 5 connection line of an electrode overlying the 
capacitor. That is, a problem occurs due to the corrosion of 
the Cu connection line by the residual chlorine or a lowering 
of a capacitance of Ta^-^ by the diffusion of oxygen. 

[0009] An amount of CI in the formed film can be indeed 
reduced by making a film formation temperature higher. 
However, a high temperature process is not preferable due to 
a problem, such as thermal resistance and the corrosion, of 
a connection line material such as Cu and Al. 

[0010] As one technique of plasma CVD, there is an I CP 
(Inductively Coupled Plasma) — CVD according to which an 
antenna member such as a coil is provided around a bell jar 
(chamber). By applying a high frequency power to it, an 
inductive electromagnetic field is created to provide plasma. 
In the case where the UN film is formed using this tech- 
nique, the formed TiN film becomes low-resistance and low 
in chlorine, and even a film formed at a relatively low 
temperature is made low in an amount of residual chlorine. 

[0011] Although a chamber made of quartz or alumina is 
used in the formation of the TiN film by the ICP-CVD, it is 
not good in a plasma-resistant characteristic and a corrosion 
resistance to an etching gas such as C1F 3 used for cleaning 
the interior of the apparatus after the formation of the TiN 
film is not better, thus presenting a problem. 

[0012] Further, in this type of CVD film formation appa- 
ratus, a deposit is formed on the inner wall of the chamber 
due to the introduction of a process gas from above the 
chamber and a foreign deposit is liable to be formed. In the 
case of forming the TiN film, the plasma created is attenu- 
ated due to the deposit of a conductive film on the inner wall 
of the upper chamber, thus making it difficult to form a film. 

BRIEF SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide a 
processing apparatus having a chamber applied to a film 
forming apparatus, heat processing apparatus and etching 
apparatus and having a high-corrosion-resistant property 
and less liable to deposit a product by a process gas or a 
product, such as an etching product, on its inner wall thereof. 

[0014] The thus constructed processing apparatus has a 
mounted chamber holding a to-be-processed substrate and 
having members for work-processing the substrate by any of 
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heating, plasma, process gas or a combination thereof, in 
which a film of A1 2 0 3 and Y 2 0 3 is formed on the inner wall 
surface of the chamber and on the exposed surfaces of the 
members within the chamber, the A1 2 0 3 /Y 2 0 3 weight ratio 
being above 0.5. The A1 2 0 3 /Y 2 0 3 weight ratio is in a range 
above 0.5 but below 4. The thickness of the formed film is 
above 50 jum. 

[0015] Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0016] The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 

[0017] FIG. 1 is a view showing a practical structure of a 
plasma CVD apparatus according to a first embodiment of 
the present invention; 

[0018] FIGS. 2A and 2B are views showing a sample of 
a test by etching and evaluation standard; 

[0019] FIG. 3 is a view showing a relation of members in 
an etching time to an etched amount; 

[0020] FIG. 4 is a view showing an X-ray diffraction 
pattern of a sprayed film when an AA^Oj/YzOz weight 
ratio=0.43; 

[0021] FIG. 5 is a view showing an X-ray diffraction 
pattern of a sprayed film when an A1 2 0 3 /Y 2 0 3 weight 
ratio=0.66; 

[0022] FIG. 6 is a view showing an X-ray diffraction 
pattern of a sprayed film when an Al 2 0 3 A r 2 0 3 weight 
ratio«1.50; 

[0023] FIG. 7 is a view showing a rate of a composite 
oxide when the A1 2 0 3 /Y 2 0 3 weight ratio of a sprayed film 
varies; 

[0024] FIG. 8 is a view showing a relation of an A1 2 0 3 / 
Y 2 0 3 weight ratio of a sprayed film to an etched amount; 

[0025] FIG. 9 is a view showing an X-ray diffraction 
pattern of a sprayed film when sprayed is made using a YAG; 

[0026] FIG. 10 is a view showing a practical form of a 
plasma CVD apparatus according to a second embodiment; 

[0027] FIG. 11 is a view showing a practical form of a 
plasma CVD apparatus according to a third embodiment; 

[0028] FIG. 12 is a view showing a practical structure of 
a plasma CVD apparatus according to a fourth embodiment; 

[0029] FIGS. 13A and 13B show a practical structure of 
a shower head in the fourth embodiment; 

[0030] FIGS. 14A and 14B are a view showing a modified 
structure of the shower head in the fourth embodiment; 



[0031] FIG. 15 is a view showing practical structures of 
head section; 

[0032] FIG. 16 is a perspective view showing a first 
modified structure of a gas discharge member; 

[0033] FIG. 17 is a perspective view showing a second 
modified structure of a gas discharge member; 

[0034] FIG. 18 is a view showing one form of a lower- 
height thin type chamber; 

[0035] FIG. 19 is a view showing one form of a semi- 
spherical type chamber; 

[0036] FIG. 20 is a view showing one form of a dome- 
type chamber; 

[0037] FIG. 21 is a view showing a practical structure of 
a heat processing apparatus; 

[0038] FIG. 22 is a view showing a practical structure of 
an ashing apparatus; 

[0039] FIG. 23 is a view showing a practical structure of 
an etching apparatus; and 

[0040] FIG. 24 is a view showing a relation of a break- 
down voltage to the thickness of the sprayed film in the 
respective embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The embodiments of the present invention will be 
described below with reference to the accompanying draw- 
ings. 

[0042] FIG. 1 is a cross-sectional view showing a prac- 
tical example applied to a CVD film forming apparatus as a 
first embodiment of the present invention in a processing 
apparatus having a mounted chamber having a high corro- 
sion-resistant thermal sprayed film. 

[0043] The film forming apparatus of the present invention 
is directed to forming, for example, a TiN thin film. The film 
forming apparatus 10 includes a chamber 11 having a lower 
chamber 11a and upper chamber 11 formed as an integral 
unit in a hermetically sealable way. The upper chamber lib 
is made smaller in diameter than the lower chamber Ha. The 
lower chamber 11a is comprised of an electric conductor 12, 
such as aluminum, whose surface is anadigation processed 
for example. The upper chamber 116 comprises a base 
material 13 of, for example, a ceramic material and a 
sprayed film 14. The film 14 may contain oxide of Y, Sc, La, 
Ce, Eu, Dy or the like, or fluoride of one of these metals. The 
film 14 may be made of a compound of a I II -a element of the 
periodic table, such as Y 2 0 3 . Needless to say, the film 14 
may be made of such a compound and any other material. In 
the present invention, the film 14 containing a compound of 
a Ill-a element is a sprayed film that substantially comprises 
A1203 and Y 2 0 3 . As the material of the chamber use can be 
made of ceramic (A1 2 0 3 , Si0 2 , A1N etc.,), aluminum or 
stainless steel, metal or metal alloy. 

[0044] A weight ratio of A1 2 0 3 /Y 2 0 3 of the sprayed film 
14 is preferably 0.5 to 4. It is to be noted that FIG. 8 simply 
shows data of the weight ratio of up to 1.5. In the formation 
of the sprayed film 14 it may be possible to spray an Al20 3 
and Y 2 0 3 compound or to spray, for example, yttrium- 
aluminum -garnet (YAG) in a composite oxide state of the 
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above-mentioned composition range. The thickness of the 
sprayed film is based on the insulation withstand character- 
istic for plasma generation and, from the standpoint of the 
breakdown voltage characteristic shown in, for example, 
FIG. 2, may be of the order of at least 50 fxm and preferably 
of the order of 50 jum but not above 300 {*m from the 
standpoint of a manufacturing process and cost. 

[0045] The ceramics of the base material 13 may be 
A1 2 0 3 , Si0 2 , such as silica glass and quartz, A1N, alterna- 
tively, rigid plastic may be used, and, here, the sprayed film 
as set out above is not formed on the inner wall of the upper 
chamber 116 but it may be formed there. 

[0046] On the inner bottom of the lower chamber 11a an 
insulating plate 15 of ceramic, etc., and support base 16 are 
provided and a substantially cylindrical susceptor 17 is 
provided on the support base 16 to place a semiconductor 
wafer (hereinafter referred to as a wafer) as a to -be -pro- 
cessed object on it. 

[0047] A coolant chamber 18 is provided in the interior of 
the support base 16 to receive the coolant via a coolant 
introducing tube 19. The coolant is discharged out of a 
discharge tube 20. Through such a circulation, a cold is 
conducted through the susceptor 17 to the wafer W. A 
heating element 21 is buried in the susceptor 17 to heat the 
wafer W to a predetermined temperature by supplying power 
from a power source 22. To the power source 22, a controller 
23 is connected. And the temperature of the wafer W is 
controlled by a cold of the coolant and heat of the heating 
element. 

[0048] At the susceptor 17, an electrostatic chuck 24 is 
provided which is substantially the same in configuration as 
the wafer W. The electrostatic chuck 24 is so formed as to 
have an electrode 26 buried in an insulating material 25. The 
wafer W is electrostatically attracted by a Coulomb force, 
etc., generated by applying a DC voltage from a DC power 
source 27 to the electrode 26. At the outer peripheral portion 
of an upper surface of the electrostatic chuck 24 an area for 
achieving the uniformity of a film formation, for example, a 
focusing ring 28 is provided to surround the wafer W. The 
above-mentioned sprayed film 14 is formed on those 
exposed surfaces of the support base 16, susceptor 17, 
electrostatic chuck 24 and focusing ring 28 within the 
chamber. 

[0049] A shower head member 30 is provided above the 
chamber 116. In the shower head member 30, many gas 
discharge holes 30a (Ar, C1F 3 ), 306 (Ar, TiCl 4 ) and 30c 
(NH 3 ) are alternately formed to discharge gases in a down 
direction within the chamber. The pipes of a gas supply 
system 40 are connected to the shower head member 30. 
That is, as will be set out below, a pipe 55 for supplying a 
gas (Ar, C1F 3 ) is connected to the gas discharge holes 30a, 
a pipe 56 for supplying a gas (Ar, TiCl 4 ) is connected to the 
gas discharge holes 30b and a pipe 57 for supplying a gas 
(NH 3 ) is connected to the gas discharge holes 30c. By doing 
so, the respective gases are introduced through the shower 
head member 30 into the upper chamber 116. 

[0050] The shower head member 30 is comprised of, for 
example, a three-layers-stacked structure of three gas dis- 
persion plate and has discharge plate having the gas dis- 
charge holes. The respective gas discharge plate has a 
groove and holes for allowing one kind of gas to be 



dispersed evenness to a whole gas discharge surface area in 
the head. In particular, the discharge holes of the gas 
dispersion plate are so formed as not be overlapped with the 
discharge holes of the other gas dispersion plate. Though 
being not illustrated in the Figure, the gas discharge holes 
are arranged in a matrix array upon viewing the gas dis- 
charge hole surface side from below. And a post-mixing 
system is adopted according to which TiCl 4 gas and NH 3 gas 
are discharged from the alternately formed different dis- 
charge holes and these gases are mixed as a process gas after 
being discharged. 

[0051] The gas supply system 40 has a C1F 3 supply source 

41 for supplying C1F 3 as a cleaning gas, Ar supply sources 

42 and 43 for supplying Ar, a HC1 4 supply source 44 for 
supplying TiCl 4 as a process gas and an NH 3 supply source 
45 for supplying NH 3 as a process gas. A gas line 46 is 
connected to the C1F 3 supply source 41, gas lines 47 and 48 
are connected to the Ar supply sources 42 and 43, respec- 
tively, a gas line 49 is connected to the TiCl 4 supply source 
44 and a gas line 50 is connected to the NH 3 supply source 
45. A valve 51 (51a, 51b) and mass flow controller 52 are 
provided at these gas lines. 

[0052] Into the gas line 47 extending from the Ar supply 
source 42, the gas line 46 extending from the C1F 3 supply 
source 41 is joined and the gas line 46 extending form the 
C1F 3 supply source 41 is joined. The gas line 46 extending 
form the C1F 3 supply source 41 is joined into a gas line 53. 
By opening the valve 51 provided on the gas line 46, C1F 3 
serving as a cleaning gas is passed through the gas line 46 
and pipe 53 and reaches the shower head 30 to allow it to be 
introduced via the gas discharge holes 30a into the upper 
chamber lib. Needless to say, there is the case where Ar 
alone is supplied from the Ar supply source 42. 

[0053] Into the gas line 48 extending from the Ar supply 
source 43, the gas line 49 extending from the TiCl 4 supply 
source 44 is joined. TiCl 4 gas passed through the gas line 49 
and pipe 54 is carried by the argon gas and reaches the 
shower head 30. The HC1 4 gas is introduced from the gas 
discharge holes 306 into the chamber 11. 

[0054] Further, the NH 3 gas is supplied from the NH 3 
supply source 45 past the gas line 50 and pipe 55 to the 
shower head 30 and introduced from the gas discharge holes 
30c into the upper chamber 116. It is to be noted that, in 
place of NH 3 , monomethylhydrazine (MMH) may be used. 

[0055] At the bottom wall of the lower chamber 11a the 
exhaust tube 61 is provided which is connected to an exhaust 
apparatus 62 including a vacuum pump. By operating the 
exhaust apparatus 62 it is possible to reduce pressure in the 
chamber 11 to a predetermined vacuum level. A gate valve 
63 is provided at the sidewall of the lower chamber Ha and, 
in its open state, allows the wafer W to be passed into and 
out of an outside, for example, an adjacent load lock 
chamber, not shown. 

[0056] A coil 65 as an antenna member is wound around 
the upper chamber 116 and a high frequency power source 
66 is connected to the coil 65. The high frequency power 
source 66 has a frequency of, for example, 13.65 MHz. By 
supplying a high frequency power from the high frequency 
power source 66 to the coil 65 an inductive electromagnetic 
field is created within the upper chamber 116. Further, a 
cooling mechanism 67 using a cooling medium such as a 
coolant and a cooling source 68 for driving this are provided. 
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[0057] With this apparatus, the gate valve 63 is opened 
and, in its open state, a wafer W is loaded into the chamber 
11 and placed onto the electrostatic chuck 24. The wafer W 
is attracted to the electrostatic chuck 24 by applying a 
voltage to the electrode 26. Thereafter, the gate valve 63 is 
closed, and the interior of the chamber 11 is evacuated by the 
exhaust system 62 to a predetermined vacuum level. Then, 
while introducing an Ar gas from the Ar supply source 42 
into the chamber 11, a high frequency power is supplied 
from the high frequency power source 66 to the coil 65 to 
create an inductive electromagnetic field within the upper 
chamber lib. Plasma is generated under this high frequency 
electric field. 

[0058] Then, a predetermined amount of NH 2 gas and 
TiCl gas are introduced into the upper chamber 116 from the 
NH 3 4 supply source 45 and TiCl 4 supply source 44 to gen- 
erate plasma and are brought to the lower chamber 11a side. 
By this plasma, a TiN thin film is formed onto the wafer W. 
At this time, the formation of the TiN thin film is effected at 
a temperature of about 300 to 450° C. by controlling an 
output to the heating element 21 and an amount of flow of 
a coolant. After the film formation, the wafer W is unloaded 
out of the chamber 11 and the C1F 3 gas serving as a cleaning 
gas is introduced into the chamber 11 to clean the interior of 
the chamber. 

[0059] In the above-mentioned processing, the inner wall 
of the upper chamber lib is attacked by the plasma gener- 
ated in the upper chamber lib and exposed to the C1F 3 gas 
(etching gas) at a cleaning time. Under such an environment, 
no adequate corrosion resistance was not obtained in a 
conventional chamber made of quartz and A1 2 0 3 with the 
resultant disadvantage of a short life. According to the 
present invention, however, use is made mainly of A1 2 0 3 and 
Y 2 0 3 and a high -corrosion-resistant sprayed film 14 having 
A1 2 0 3 /Y 2 0 3 weight ratio of above 0.5 is formed on the inner 
wall of the upper chamber lib. Hence, even if being 
contacted with plasma and cleaning gas, the inner wall of the 
chamber is less likely to be etched and ensures a longer 
service life. 

[0060] The sprayed film 14 has insulating property 
because it contains 6 a IH-a group element of the periodic 
table. Use can be made of, as the basic material, various 
kinds of materials such as ceramic herein used, aluminum, 
stainless steel, rigid plastic (engineering plastic) etc. Further, 
the sprayed film 14 is lower in cost than a sintered product 
and has a greater merit of forming a film for a short period 
of time. It is to be noted that such sprayed film may be 
formed on the inner wall of the lower chamber 11a and can 
enhance a corrosion resistance of the lower chamber 11a. 

[0061] An explanation will be made below about the 
results of experiments by which the corrosion resistance of 
the sprayed film is confirmed. Here, a parallel flat type 
plasma etching apparatus was used by way of example. A 
strayed film was irradiated, with plasma, at an intra-chamber 
pressure of 133.3 Pa (1000m Torrs) and a gas flow rate of 
CF 4 : Ar:0 2 =95: 950:10 (a total flow rate of 0.0633 m 3 /sec 
(1055 seem)) for 20 hours through the application of a high 
frequency power of 13.56 MHz at 1300 W. 

[0062] Eight types of samples were used, each comprised 
a 20x20x2 mm aluminum base, a 200 ^m-thick first sprayed 
film made of A1 2 0 3 and Y 2 0 3 and formed on the aluminum 
base, and a 200 /on-thick second sprayed film formed on the 



first sprayed film. The first sprayed film is made of Y 2 0 3 in 
the first type sample, Sc 2 0 3 in the second type sample, Sc^F-j 
in the third type sample, YF 3 in the fourth type sample, 
La 0 3 in the fifth fifty type sample, Ce0 2 in the sixth type 
sample, Eu 2 0 3 in the seventh type sample, and Dy0 3 in the 
eighth type sample. Stated in more detail, use was made of 
a sprayed film having a weight ratio of Al 2 O 3 /Y 2 O 3 =0.5 and 
a film sprayed with a 99.9%-purity YAG (Y 3 A1 5 0 12 a weight 
ratio of Al 2 O 3 /Y 2 O 3 =0.75). As shown in FIG. 2A, the 
sample was, while leaving a central area of 10 mm square, 
masked at its outer peripheral area with a polyimide film and 
irradiated with plasma. And a plasma-resistant property was 
evaluated with an etched amount. The etched amount was 
evaluated with its depth, as shown in FIG. 2B, with the use 
of a surface roughness meter. For comparison, samples of 
other materials were also evaluated in terms of the corro- 
sion-resistant property. The result of evaluation is as shown 
in FIG. 3. Here, the etched amount is shown with the etched 
amount of alumina standardized as "1". 

[0063] It was confirmed that, as shown in FIG. 3, the films 
containing a III -a element of the periodic table had higher 
corrosion resistance to plasma than the other materials. Of 
these films, the sprayed film made of A^C^ and Y 2 0 3 
exhibited a particularly high corrosion resistance since it 
was of YAG composition. 

[0064] Then, with an A1 2 0 3 /Y 2 0 3 weight ratio set to 0.43, 
0.66, and 1.5, these mixed powders were sprayed onto an 
aluminum basic material to form a sprayed film. FIGS. 4, 5 
and 6 show and X-ray diffr action pattern each. As shown in 
these figures, for any of the sprayed films, diffraction peaks 
corresponding to the A1 2 0 3 and Y 2 0 3 crystals are dominant 
but the diffraction peaks of composite oxides, such as YA10 3 
and Y 4 A1 2 0 9 were also confirmed. It is found that the 
producing rate of these composite oxides is increased with 
an increase in the weight ratio of A1 2 0 3 /Y 2 0 3 as shown in 
FIG. 7. 

[0065] In the same way as set out above, these samples 
were tested for corrosion resistance to plasma. The evalua- 
tion of the etched amount was made by measuring its depth 
at a central portion of the above-mentioned 10 mm square 
portion except the edge portion. The result is as shown in 
FIG. 8. From this Figure it is found that, with an A1 2 0 3 / 
Y 2 0 3 weight ratio of above 0.5, the corrosion resistance is 
better. Since, as set out above, with an increase in the weight 
ratio of A1 2 0 3 /Y 2 0 3 , the production rate of the composite 
oxide is increased, there is a possibility that the composite 
oxide contributes to the corrosion resistance. 

[0066] On the other hand, the YAG sprayed film evaluated 
for the corrosion resistance at the first test was substantially 
amorphous as shown in FIG. 9. 

[0067] From this it may be considered that the corrosion 
resistance is improved by making the sprayed film amor- 
phous. 

[0068] A second embodiment of the present invention will 
be explained below. 

[0069] FIG. 10 is a cross-sectional view showing a CVD 
apparatus according to the second embodiment. In this 
embodiment, a chamber, shower head and gas supply system 
are different in structure from those of the first embodiment. 
In this Figure, the same reference numerals are employed to 
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designate parts or elements corresponding in structure to 
those shown in FIG. 1 and any further explanation is, 
therefore, omitted. 

[0070] In this apparatus, an upper chamber 11c is provided 
above a lower chamber 11a and it is made of a ceramic 
material, such as A1 2 0 3 , Si0 2 and A1N. At a shower head 
member 70 of pipe type provided at the top of the upper 
chamber 11c, gas discharge holes 70a, 70b and 70c are 
alternately formed to discharge gases toward a lower zone 
within the chamber. A gas supply system 40a comprises gas 
supply sources and valves 51 and mass flow controllers 52 
as in the case of the gas supply system 40 as set out above. 
This embodiment is different from the first embodiment with 
respect to a pipe array from the gas supply system 40 to the 
shower head member 70. 

[0071] That is, the pipes of the gas supply system 40 are 
connected to the shower head member 70. As will be set out 
below, a pipe 81 for supplying an Ar gas and C1F 2 gas is 
connected to the gas discharge holes 70a, a pipe 82 for 
supplying a HC1 4 gas and Ar gas is connected to the gas 
discharge holes 70b, and a pipe 83 for supplying an NH 3 gas 
is connected to the gas discharge holes 70c. Pipe -like gas 
discharge members 71 and 72 extending from the upper 
chamber 11c toward the upper zone of the lower chamber 
11a are connected to the gas discharge holes 70£> and 70c. A 
gas discharge hole 71a is formed in the gas discharge 
member 71 and a gas discharge hole 72a is formed in the gas 
discharge member 72. 

[0072] A gas line 47 extending from an Ar supply source 
42 and gas line 46 extending from a C1F 3 supply source 41 
are connected to the pipe 81. The Ar gas and CIF 3 gas are 
introduced from the pipe 81 into the upper chamber 11c via 
the gas discharge hole 70a, noting that the Ar gas alone is 
sometimes supplied there. 

[0073] A gas line 49 extending from a TiCl 4 supply source 
44 and gas line 48 extending from an Ar supply source 43 
are connected to the pipe 82. The TiCl 4 gas using an Ar gas 
as a carrier gas is introduced from the pipe 82 through the 
gas discharge hole 70b and gas discharge hole 71a in the gas 
discharge member 71 into the upper zone of the lower 
chamber 11a. A gas line 50 extending from an NH 3 supply 
source 43 is connected to the pipe 83 and the NH 3 gas is 
introduced from the pipe 83 through a gas discharge hole 
70c and gas discharge hole 72a in the gas discharge member 
72 into the upper zone of the lower chamber 11a. 
[0074] Thus, the TiCl 4 gas and NH 3 gas are supplied 
directly into the upper zone of the lower chamber 11a 
without passing through the upper chamber 11c. After so 
discharged, these gases are mixed within the lower chamber 
11a. The gas line 46 extending from the C1F 3 supply source 
41 is joined into the gas line 81 and, by opening a valve 51 
on the gas line 46, the C1F 3 as a cleaning gas is supplied past 
the gas line 46 and then the pipe 81 to the shower head 70 
to allow the C1F 3 gas to be introduced via the discharge hole 
70a into the upper chamber 11c. 

[0075] In the thus structured CVD apparatus, a wafer W is 
loaded into the chamber 11 and the Ar gas as a plasma 
generation gas is introduced via the gas discharge holes 70a 
in the shower head into the upper chamber 11c. By supply- 
ing a high frequency power from a high frequency power 
source 66 to a coil 65, an inductive electromagnetic field is 
created within the upper chamber 11c to generate a plasma 
of the Ar gas. 



[0076] On the other hand, the TiCl 4 gas and NH 3 gas 
serving as a process gas are directly introduced into the 
upper zone of the lower chamber 11a via the discharge 
members 71 and 72 and these gases are excited by the 
plasma of the Ar gas diffused from the upper chamber 11c 
into the lower chamber Ha. By doing so, the gases generate 
a plasma at the upper zone of the lower chamber 11a, so that 
a reaction occurs on the surface of the wafer W to form a TiN 
thin film on the wafer. 

[0077] Even in this embodiment, the film-formed semi- 
conductor wafer is externally unloaded out of the chamber 
11 and a C1F 3 gas serving as a cleaning gas is introduced into 
the chamber 11 to clean the inner wall of the chamber. 

[0078] In this embodiment, as set out above, the Ar gas 
alone for plasma generation is supplied into the upper 
chamber 11c and the TiCl 4 gas and NH 3 gas, serving as a 
process gas, are supplied directly into the lower chamber 11a 
via the gas discharge members 71 and 72, so that the process 
gas almost never reaches the inner wall of the upper chamber 
11c. As a result, almost no deposit resulting from the process 
gas is formed on the inner wall of the upper chamber 11c. 

[0079] Thus, unlike the prior art technique, a conductive 
film is not deposited, by the process gas, on the inner wall 
of the chamber and it is never difficult to form a film under 
the attenuation of plasma involved. 

[0080] A third embodiment of the present invention will 
be described below. 

[0081] FIG. 11 is a cross-sectional view showing a CVD 
apparatus according to a third embodiment of the present 
invention. 

[0082] This embodiment constitutes a combined structure 
of a lower chamber 11a similar to that in the first embodi- 
ment shown in FIG. 1 and an upper chamber 11c similar to 
that of the second embodiment shown in FIG. 10. A sprayed 
film 14 of mainly A1 2 0 3 and Y 2 0 3 having an insulating 
property and high corrosion resistance as set out above is 
formed on the inner wall of the upper chamber Hb. In this 
embodiment, the same reference numerals are employed to 
designate parts or elements corresponding in structure to 
those shown in FIGS. 1 and 10 and any further explanation 
is, therefore, omitted. 

[0083] In the third embodiment, a high-corrosion-resistant 
sprayed film 14 is formed on the inner wall of the upper 
chamber 11c and, even if plasma and cleaning gas are 
contacted with the inner wall, is hard to be etched to provide 
a longer service life to the chamber. In addition, almost no 
deposit resulting from the process gas is formed on the upper 
chamber lib. As a result, unlike the prior art technique, there 
is no inconvenience of the plasma being attenuated by a 
conductive film deposited on the inner wall of the chamber 
and hence no difficulty is encountered in the formation of a 
film. 

[0084] It is to be noted that, even in the second and third 
embodiments, a sprayed film may be formed on the inner 
wall of the lower chamber 11a and, by forming such a 
sprayed film, it is possible to improve a high corrosion 
resistance to the lower chamber 11a. 

[0085] A fourth embodiment of the present invention will 
be explained below. 
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[0086] FIG. 12 is a cross-sectional view showing a CVD 
apparatus according to the fourth embodiment of the present 
invention. 

[0087] The apparatus structure of this embodiment com- 
prises a combination of a lower chamber 11a similar to that 
of the above-mentioned first embodiment and an upper 
chamber lid different in gas supply position above the lower 
chamber 11a. In this embodiment, the same reference 
numerals are employed to designate parts or elements cor- 
responding in structure to those shown in FIG. 1 and any 
further explanation is, therefore, omitted. 

[0088] In this film forming apparatus, a shower head 81 
for supplying a process gas into a chamber 11 is formed in 
an annular shape between the upper chamber lid and the 
lower chamber 11a. A high corrosion-resistant and insulat- 
ing sprayed film 14 is formed on the whole inner surface of 
the upper chamber 11a". A gas supply system 40 is similar in 
structure to that of the first embodiment but a C1F 3 gas 
serving as a cleaning gas and Ar gas can be introduced from 
the top side and sidewall side of the upper chamber lla* by 
a switching operation of the valves 82 and 83. 

[0089] By this structure, a gas supplied from the gas 
supply system 40 is discharged and directed toward a central 
area at the upper zone of the lower chamber 11a and diffused 
onto a wafer W. In this embodiment, it is possible to obtain 
an effect similar to that of the above-mentioned embodi- 
ments. And a deposit resulting from a process gas is almost 
hardly formed on the inner wall of the upper chamber lla\ 
Further, a sprayed film 14 is formed on the inner wall of the 
upper chamber and, even if plasma and cleaning gas are 
contacted with the inner wall, etching is less liable to occur 
and it is possible to extend the service life of the chamber. 

[0090] FIGS. 13 A and 13B each shows a practical struc- 
ture of a shower head 81 in this embodiment. 
[0091] The shower head 81 is comprised of a ring-type 
three -layered structure and so designed as to collect gases in 
the respective outer head sections into a middle-layer head 
section. That is, ring-like diffusion channels 84a, 85a and 
86a are provided in the head sections 84, 85 and 86 to allow 
the process gas to be introduced into the chamber. A plurality 
of discharge holes 846 (NH 3 gas), discharge holes 856 (Ar 
gas) and discharge holes 866 (TiCl 4 gas or C1F 3 gas) leading 
to the diffusion channels 84a, 85a and 86a are provided in 
a middle layer of the head section 85 in one array to allow 
a corresponding gas to be discharged in a horizontal direc- 
tion. For example, these discharge holes are so arranged as 
to allow different kinds of process gases to be sequentially 
discharged with an argon gas in between. 
[0092] In the practical example shown in FIG. 13B, as a 
first combination the discharge holes 856, 866, 856, 846, 
856, 866, . . . , that is, an Ar gas, TiCl 4 gas or C1F 3 gas, Ar 
gas, NH 3 gas, Ar gas, TiCl 4 gas or C1F 3 gas, ... are used. As 
a second combination, the discharge holes 856, 866, 846, 
856, 856, 866, 846, 856, , that is, the Ar gas, TiCl 4 gas or 
C1F 3 , NH 3 gas, Ar gas, Ar gas, TiCl 4 gas or CIF 3 gas, NH 3 
gas, Ar gas, ... are used. It is needless to say that these 
combinations may be properly set depending upon the 
chamber configuration and process condition, etc. Further, to 
the TiCl 4 gas and C1F 3 gas, respective independent discharge 
holes may be provided. 

[0093] FIGS. 14A and 14B show a modified structure of 
the above-mentioned shower head 81. Although, in the 



above-mentioned shower head 81, the gases from the respec- 
tive head sections are collected into the middle layer head 
section, this modified structure is of such a type that a 
plurality of discharge holes are formed in the respective head 
sections in a not-overlapped fashion in a stacked direction. 

[0094] This shower head 90 is of a ring-type three-layered 
structure such that ring-like diffusion channels 91a, 92a and 
93a are provided in the corresponding head sections 91, 92 
and 93 to allow a process gas to be introduced into the 
chamber. A plurality of discharge holes 916 (NH 3 gas), 
discharge holes 926 (Ar gas) and discharge holes 936 (TiCl 4 
gas or C1F 3 gas) leading to the diffusion channels 91a, 92a 
and 93a are formed in the corresponding head sections to 
allow these gases to be discharged in a horizontal direction. 

[0095] Various practical structures as shown in FIG. 15 
are realized depending upon the order in which these head 
sections are stacked. In these structures, six cases are shown 
in FIG. 15. It is to be noted that the TiCl 4 gas and C1F 3 gas 
are switchingly used at a film forming time and cleaning 
time but that independent corresponding discharge holes 
may be provided for these gases. 

[0096] Even in these embodiments it is possible to obtain 
the same advantage as set out in connection with the 
above-mentioned embodiment. 

[0097] The shower heads for introducing the gases into the 
chamber can be variously changed or modified in the 
embodiment of the present invention. 

[0098] Although, in the above-mentioned embodiment, a 
plurality of members are used to introduced the process gas 
into the chamber 11, as shown in FIG. 16, for example, a 
shower head is so configured as to have one gas introducing 
member 95 for allowing a process gas to be supplied from 
the top side of an upper bell jar onto a wafer W within a 
lower chamber and a gas discharge section 96 connected to 
the lower end of the gas introducing member 95 and having 
a plurality of discharge holes to allow a gas to be spirally 
supplied down toward the wafer W. 

[0099] As shown in FIG. 17, a shower head comprises 
one gas introducing member 97 similar to the gas introduc- 
ing member 95 and a plurality of gas discharge sections 98 
connected to the lower end of the gas introducing member 
97, provided in an outwardly branched fashion and having 
a plurality of discharge holes so provided as to allow a gas 
to be discharged down onto a wafer W. Further, although two 
kinds of process gases are separately individually introduced 
into the chamber, these gases may be introduced together. 

[0100] Although, in the above-mentioned respective 
embodiment, the formation of the TiN thin film has been 
explained, the present invention is not restricted thereto and 
other films may be formed. In the case where a film is 
formed using a Ti-containing material or Si-containing 
material, a Cl-containing gas is used as a feed gas and the 
present invention is effective to the formation of a film using 
these materials. As such materials, use is made of, for 
example, TiN, Ti, TiSiN, SiN, Ta, TaN, Ta 2 O s , PZT, BST, 
RuO and ZrO; a LOWK material, such as SiOF recently 
used as an insulating interlayer of a low dielectric constant; 
and Ta, TaN used as a barrier of Cu and SiN used as a etching 
stop. 

[0101] Although, in the above-mentioned embodiment, 
use is made of the ICP-CVD apparatus using a coil as an 
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antenna, if the plasma CVD apparatus uses a chamber and 
bell jar, it can use a TCP (Transformer Coupled Plasma) 
using a spiral type antenna and it is also possible to use a 
helicon wave plasma processing apparatus using a helicon 
wave. 

[0102] Those applied forms of chambers provided in the 
processing apparatus according to the above-mentioned 
embodiments will be explained below with reference to 
FIGS. 18, 19 and 20. As a lower chamber of the processing 
apparatus as will be explained below the lower chamber 11a 
shown in FIG. 1 is taken as an example and, as a gas supply 
system, a gas supply system for supplying a gas from the 
sidewall of the chamber shown in FIG. 12 is taken as an 
example. Here, only the featuring aspect is explained with 
the same reference numerals employed to designate corre- 
sponding parts or elements shown. And an explanation 
thereof is, therefore, omitted. 

[0103] FIG. 18 is one example of a lower-height thin type 
chamber. This thin type chamber He is thin and has a height 
(depth) H of, for example, about 0.65 to 10 cm and, 
preferably, 0.65 to 5 cm. And the distance from the inner top 
surface of the chamber to a wafer W is about 3.8 to 30 cm 
and, preferably, 3.8 to 20 cm. Since, in this way, the chamber 
has a lower-volume shape, an exposed area within the 
chamber is smaller and hence the apparatus is smaller and 
ensures an easier maintenance. It is, therefore, possible to 
alleviate an evacuation load on the system 62. 

[0104] An upper chamber 11/ shown in FIG. 19 is of a 
semi-spherical type, that is, a bell jar type and an upper 
chamber llg shown in FIG. 20 is of a dome-shaped type. 
According to these upper chambers, the distribution of an 
electric field by an antenna relative to the wafer W is made 
uniform compared with that of a box-type chamber and 
hence the thickness profile of a formed film, etching, etc., are 
made uniform. 

[0105] FIG. 21 is a view showing a practical structure 
applied to a heat processing apparatus as a fifth embodiment 
in a processing apparatus with a mounted chamber having a 
high-corrosion-resistant sprayed film according to the 
present invention. 

[0106] The heat processing apparatus 101 can perform an 
anneal process for promoting recrystallization of a formed 
film and a thermal oxidation process. 

[0107] This heat processing apparatus 101 has a susceptor 
103 located within a chamber 102 to support a wafer W, a 
wafer lifting mechanism 105 provided below the susceptor 
103 to allow the wafer W to be lifted up by a plurality of lift 
pins 104 at a transfer of the wafer W, a heater 106 provided 
in the susceptor 103 and a gas flow chamber 107 for 
hermetically supplying a gas such as an Ar gas and oxygen 
gas onto the wafer W. A sprayed film 14 of A1 2 0 3 /Y 2 0 3 is 
formed on the inner surface of the gas flow chamber 107 and 
on the surface of a guide section 108 provided on the 
susceptor 103 to guide a wafer mounting position and, by 
doing so, it is possible to obtain the same effect as in the 
above-mentioned respective embodiments. 

[0108] FIG. 22 is a view showing a practical structure 
applied to an ashing apparatus as a sixth embodiment in a 
processing apparatus with a mounted chamber having a 
high-corrosion-resistant sprayed film according to the 
present invention. 



[0109] The ashing apparatus comprises a hermetically 
sealable chamber 111 having a lower chamber 111a and 
upper chamber 1116, a susceptor 112 on which a wafer W is 
placed, a heater 113 provided in the susceptor 112 to heat the 
wafer W, a gas supply system, not shown, for supplying a 
process gas such as oxygen, and an evacuation apparatus for 
evacuating the interior of the chamber 111. 

[0110] In this ashing apparatus, a high-corrosion-resistant 
sprayed film is formed on the whole inner surface of the 
upper chamber 1116and on the sidewall of the lower cham- 
ber 111a except the inner bottom surface and, by doing so, 
it is possible to obtain the same effect as in the above- 
mentioned respective embodiment. 

[0111] FIG. 23 is a view showing a practical structure 
applied to an etching apparatus as a seventh embodiment in 
a processing apparatus with a mounted chamber having a 
high-corrosion-resistant sprayed film according to the 
present invention. 

[0112] This etching apparatus comprises a hermetically 
sealable chamber 121, a process gas supplying shower head 
provided within the chamber 121 and functioning as an 
upper electrode for plasma generation, a susceptor 123 
allowing a wafer W to be placed and functioning as an upper 
electrode for plasma generation, a process gas supply system 
126 having a plurality of valves 124 and a plurality of 
process gas sources 125, a high frequency power source 127 
for applying a high frequency power to the shower head 122, 
a shield ring 128 provided around the shower head 122, an 
electrostatic chuck system 129 provided on the top surface 
of the susceptor 123, a focusing ring 130 provided at an 
outer peripheral portion of the electrostatic chuck 129 to 
surround the wafer W, a gate valve 131 provided on the 
sidewall of the chamber 121 to allow the wafer to be loaded 
and unloaded into and out of the chamber 121, and a 
deposition shield 132 provided on the inner side surface of 
the chamber 121. 

[0113] A sprayed film 14 is formed, as the above-men- 
tioned case, on exposed surfaces of the susceptor 123, 
focusing ring 130, shower head 122 and shield ring 128 
within the chamber and further on the inner upper surface 
and inner bottom surface of the chamber 121. 

[0114] It is to be noted that the sprayed film formed in the 
above-mentioned respective embodiments need only have a 
thickness of above 50 /an. In the case where the thickness of 
the sprayed film is less than 50 jum, the insulating resistance 
and withstand voltage are lower. This is based on our 
empirically obtained data showing a relation of a breakdown 
voltage to the film thickness shown in FIG. 24. According 
to FIG. 24, out of the film thickness range of 50 to 300 
is preferable. 

[0115] Even in this embodiment, the same effect as set out 
in connection with the above-mentioned embodiment can be 
obtained by forming the sprayed film. 

[0116] Although, in the above-mentioned respective 
embodiments, the semiconductor wafer as a substrate has 
been explained by way of example, the present invention is 
not restricted thereto and it may also be applied to the 
formation of a glass substrate for a liquid crystal display 
device (LCD). 

[0117] According to the above-mentioned respective 
embodiments, a sprayed film of substantially A1 2 0 3 /Y 2 0 3 
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whose weight ratio is above 0.5 is formed on the inner wall 
of the chamber and, by doing so, the chamber is less liable 
to be etched under a plasma and cleaning gas due to the 
presence of the high -corrosion resistant sprayed film. Thus 
the present invention can be preferably applied to the film 
formation, etching, ashing and heat treatment on a less- 
etching thermal sprayed film of the chamber. 

[0118] Further, since the gas supply system supplies a 
process gas near the upper zone of a wafer within the 
chamber, the gas hardly reaches the inner wall of the 
chamber and almost no product is deposited on the wall. As 
a material for the chamber, use can be made of a ceramic 
(ALjOg, Si0 2 , A1N, etc.), aluminum, stainless steel, metal or 
alloy. 

[0119] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A processing apparatus comprising: 

a chamber for holding a substrate that is to be processed; 

a sprayed film formed on an inner surface of the chamber 
and containing a compound of a Ill-a element of the 
periodic table; and 

a processing mechanism for processing a substrate held in 
the chamber. 

2. The processing apparatus according to claim 1, wherein 
the sprayed film contains A1 2 0 3 . 

3. The processing apparatus according to claim 1, wherein 
the sprayed film comprises A1 2 0 3 and Y 2 0 3 . 

4. The processing apparatus according to claim 1, wherein 
the weight ratio of A1 2 0 3 to Y 2 0 3 is 0.5 or more in the 
sprayed film. 

5. The processing apparatus according to claim 1, wherein 
a sprayed film containing a I II- a element of the periodic 
table is formed on a part of the processing mechanism, 
which is exposed to the chamber. 

6. The processing apparatus according to claim 1, wherein 
the sprayed film is made of Y 2 0 3 , Sc^O-j, Sc 2 F 3 , YF 3 , 
La 2 0 3 , Ce0 2 , Eu 2 0 3 , or Dy0 3 . 

7. The processing apparatus according to claim 4, wherein 
the sprayed film is made of Y 2 0 3 , Sc^O^ Sc 2 F 3 , YF 3 , 
La 2 0 3 , Ce0 2 , Eu 2 0 3 , or Dy0 3 . 

8. The processing apparatus according to claim 1, wherein 
the processing mechanism performs plasma process on the 
substrate. 

9. The processing apparatus according to claim 1, wherein 
the processing mechanism processes the substrate, while 
applying a corrosive gas into the chamber. 

10. The processing apparatus according to claim 1, 
wherein the processing mechanism performs a heating pro- 
cess on the substrate. 

11. A processing apparatus comprising: 

a lower chamber containing a susceptor for holding a 
substrate that is to be processed; 

an upper chamber provided above the lower chamber; 



antenna means arranged around the upper chamber, for 
generating an induction magnetic field in the upper 
chamber and on the substrate; 

high-frequency wave applying means for applying high- 
frequency power to the antenna means; 

gas- supplying means for supplying a plurality of process 
gases onto the substrate in the lower chamber; 

gas-exhausting means for exhausting the process gases 
from the upper and lower chambers; and 

a film formed by sprayed on an inner surface of the upper 
chamber and containing a compound of a Ill-a element 
of the periodic table, for preventing corrosion from 
taking place while the substrate is being processed, 

wherein an induction electromagnetic field is generated in 
the upper and lower chambers, generating a plasma, 
and the plasma is applied to the substrate, thereby to 
process the substrate. 

12. A processing apparatus comprising: 

a lower chamber containing a susceptor for holding a 
substrate that is to be processed; 

an upper chamber provided above the lower chamber; 

antenna means arranged around the upper chamber, for 
generating an induction magnetic field in the upper 
chamber and on the substrate; 

high-frequency wave applying means for applying high- 
frequency power to the antenna means; 

a gas-supplying means for shaped like a ring, surrounding 
an upper part of the lower chamber, and supplies the 
process gases and a plasma-generating gas into the 
lower chamber so that the gases may mix at a position 
above the substrate held on the susceptor; and 

gas-exhausting means for exhausting the process gases 
from the upper and lower chambers, 

wherein an induction electromagnetic field is generated in 
the upper chamber, generating a plasma, and the plasma 
is applied to the substrate, thereby to process the 
substrate. 

13. The processing apparatus according to claim 9, 
wherein the gas -supplying means comprises a plurality of 
annular layers mounted one upon another, each having a 
gas-inlet port in the outer circumfrential surface and an inner 
passage connected to the gas-inlet port, one of the annular 
layers has a row of gas-outlet ports in the inner circumfer- 
ential surface, every other gas-outlet port is connected to the 
inner passage of said one of the annular layers, and the 
remaining gas-outlet port are connected to the inner pas- 
sages of the other annular layers alternately. 

14. The processing apparatus according to claim 9, 
wherein the gas-supplying means comprises a plurality of 
annular layers mounted one upon another, each having a 
gas-inlet port made in the outer circumfrential surface, an 
inner passage connected to the gas-inlet port, and a plurality 
of gas-outlet holes made in the inner circumferntial surface 
and connected to the inner passage, and the gas-outlet holes 
are arranged in staggered fashion in the inner circumferen- 
tial surface of the gas-supplying means. 
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15. The processing apparatus according to claim 8, 
wherein the sprayed film comprises an A1 2 0 3 film and a 
Y 2 0 3 film. 

16. The processing apparatus according to claim 8, 
wherein the weight ratio of the A1 2 0 3 film to the Y 2 0 3 film 
is 0.5 or more in the sprayed film. 

17. The processing apparatus according to claim 2, 
wherein the weight ratio of the A1 2 0 3 film to the Y 2 0 3 film 
is 0.5 or more in the sprayed film. 

18. The processing apparatus according to claim 6, 
wherein the weight ratio of the A1 2 0 3 film to the Y 2 0 3 film 
is 0.5 or more in the sprayed film. 

19. The processing apparatus according to claim 8, 
wherein the upper chamber has a base made of material 
selected from the group consisting of ceramic, metal, alloy 
containing the metal and hard plastic. 

20. The processing apparatus according to claim 19, 
wherein the ceramic is one selected from the group consist- 
ing of A1 2 0 3 , Si0 2 and A1N. 

21. The processing apparatus according to claim 8, 
wherein the sprayed film has a thickness of 50 fim or more. 

22. The processing apparatus according to claim 8, which 
further comprises a coolant source for decreasing a tem- 
perature in the upper chamber, and in which the lower 
chamber and the upper chamber are connected in airtight 
fashion, the induction electromagnetic field generates a 



plasma above the susceptor, the gas-supplying means sup- 
plies process gases to the plasma, thereby forming a film on 
the substrate. 

23. The process apparatus according to claim 8, which 
further comprises a power supply for applying a high- 
frequency voltage between the lower and upper chambers, 
and in which the induction electromagnetic filed generates a 
plasma above the susceptor, the gas-supplying means sup- 
plies the process gases, and the high-frequency voltage is 
applied between the lower and upper chambers, thereby 
etching a surface of the substrate. 

24. The process apparatus according to claim 8, wherein 
the upper chamber is a semi-spherical one, a dome-shaped 
one, or a thin-type one shorter in height than a plasma- 
generating area. 

25. The process apparatus according to claim 12, wherein 
a weight ratio between A1 2 0 3 to Y 2 0 3 is 5:3 in the sprayed 
film. 

26. The process apparatus according to claim 21, wherein 
the film containing Y 2 0 3 is YAG. 

27. The process apparatus according to claim 8, wherein 
the lower chamber is connected to the upper chamber and 
used as a heating chamber for performing heat processing on 
the substrate, an ashing chamber for removing a. resist mask 
from the substrate or an etching chamber for etching the 
substrate. 

* * * * * 



